INTRODUCTION
Hypertension contributes to a huge burden of cardiovascular disease, renal failure, and stroke, leading to early disability and high mortality. There are many people undiagnosed with hypertension because it rarely causes symptoms at an early stage [1] .
Hypertension and its treatment is not only a national concern but also an international public health issue that needs more attention. In 2014, the prevalence of hypertension worldwide in adults was around 22%, and that was responsible for 9.4 million deaths [2] . In Saudi Arabia, the prevalence of hypertension in adults was reported to be 21% in 2016 [3] . In addition, cardiovascular diseases account for around 46% of mortality rate in Saudi Arabia, but 24% of this rate is attributed to hypertension [2, 4] .
Poor adherence to hypertensive medications is a major factor for poor disease control and subsequently poor clinical outcome, including hospitalization and mortality, worldwide and in Saudi Arabia [5] [6] [7] . Despite the fact that medical treatments for hypertension are effective, a survey conducted between 2003 and 2004 in the United States (US) showed that only 37% of hypertension cases were reported to have their blood pressure controlled [8] . A systematic review and meta-analysis of the medical literature have shown a significantly higher rate (45.2%) of medication noncompliance, particularly among those with uncontrolled blood pressure (83.7%). Also, the percentage of nonadherence was lower in men (46.2%) than in women (53.9%) [9] . Conducted between 2012 and 2016, other surveys in the Middle East showed that 36.2-50.5% of participants had high adherence rate, 26.8-27.1% had medium adherence rate, and 22.4-36.8% had low adherence rate to hypertensive medications [10, 11] . The most common three risk factors for nonadherence to antihypertensive medications are global satisfaction of treatment, effectiveness of therapy, and complexity of medication prescription [5, 6] . Age is a crucial factor. According to a survey conducted between 2011 and 2012 in New York City, USA, the prevalence of adherence to antihypertensive medications among older adults (≥60 years, 34%) was higher than in younger adults (<60 years, 24.5%) [12] . Al-Hasa Region represent 24% of the total area of Saudi Arabia and it has a high population. To our knowledge, no study in Al-Hasa Region has investigated the prevalence of adherence to antihypertensive medications among hypertensive patients.
A B S T R A C T
To assess the prevalence of nonadherence to antihypertensive medications among adults attending Primary Healthcare Clinics (PHCs) in Al-Hasa Region. This cross-sectional study included participants from a variety of clinics in the region and each of them had been interviewed to complete the questionnaire. The participants were selected by random sampling from eight different PHCs. Data were collected by a structured questionnaire that was adopted from two different scales to determine the association between adherence and socioeconomic and health status characteristics. We included 372 participants with a mean (±standard deviation) age of 53 ± 12.4 years and most of them were male (62%, n = 231). The overall mean adherence based on our adapted scale was 5.3 ± 2.3. Among participants taking more than six medications, the percentage of nonadherent participants was significantly higher than the percentage of adherent participants (85% vs. 15%, p = 0.016). Participants with single comorbidity were more likely to be adherent than patients with multiple comorbidities (odds ratio = 1.52, p = 0.049).
In conclusion, we found a high prevalence of nonadherence to antihypertensive medications in the Al-Hasa community and the main association factor was found to be the presence of comorbidity. Such high rate sends alarming messages for the need of potential interventions to improve adherence outcome. Accordingly, our aim in this study was to assess the rate of nonadherence to antihypertensive medications among adult hypertensive patients attending Primary Healthcare Clinics (PHCs) in the Al-Hasa Region.
MATERIALS AND METHODS

Study Design
Our study was a cross-sectional quantitative study. The study was conducted in a primary healthcare setting in Al-Hasa Region, Saudi Arabia where up-to-date medical care is provided.
Our study population was adult hypertensive patients who attended PHCs in Al-Hasa Region between January and March 2018. Our inclusion criteria were patients who were diagnosed with hypertension, aged ≥18 years, and from any nationality. Our exclusion criteria were prehypertensive patients, pregnant women, and any patients with known mental disorder.
Random sampling was used to select eight different PHCs among around 60 in Al-Hasa Region. The attending general physician identified eligible participants during the study period. After obtaining patient approval, a member of the research team met patients in a private area to obtain consent first then completed the questionnaire. We used the convenient sampling technique to enroll patients in the study and determine the blood pressure control based on the National Institute for Health and Care Excellence Guidelines -2011, which determine the target blood pressure reading for most hypertension patients to be <140/80 mmHg [13] . The minimum sample size was determined for a single proportion and found to be 310 [14] .
Data Collection and Analysis
Adherence was assessed by self-reporting questionnaire. The questionnaire items were adopted from a questionnaire such as Assessment of Opioid Taking Behaviors and Adherence (AOTBA) scale and Morisky Medications Adherence Scales Eight Questions (MMAS-8), to determine adherence [15, 16] . This scale included Yes/No questions, where No = 1 and Yes = 0; however, the fifth question consisted of yes equaling 1 point. The last question included five options from A to E, with A = 1, B = 0.4, C = 0.3, D = 0.1, and E = 0 points. The score of all positive answers (Yes) determined the degree of adherence. It was suggested in this scale that high adherence level scored 8, medium adherence level scored 6 to <8, and low adherence level scored 1 to <6 [16] . However, for the purpose of simplifying the interpretation of the analysis, we divided the degree of adherence into two groups rather than three (high, medium, and low); nonadherent (scored < 6) and adherent or appropriate adherence level (scored ≥ 6). Additionally, we assessed sociodemographic characteristics (gender, age, marital status, residence, level of education, income, and job) and health status characteristics (blood pressure status, number of medications, duration of disease, ≥2 comorbidities, and family history of hypertension). For the characteristic related to the number of comorbidities, we included only chronic disease such as coronary artery diseases, diabetes, thromboembolic disorders, and asthma. Data collection technique was self-report using a structured questionnaire.
Data analysis included determination of sociodemographic and health status information, respondent level of adherence, and factors associated with adherence to hypertensive medications. Descriptive and inferential statistics included mean and standard deviation, t-test for continuous data, and frequencies and χ 2 -test for categorical data. Crude and multiple logistic regression analysis was used to measure the odds ratio at the level of significance of p ≤ 0.05. Although some variables were clinically highly associated with nonadherence, we only used forward stepwise regression building analysis for the purpose of building a multiple logistic regression model. For all variables, all the data were complete (i.e., there were no missing data). Data were analyzed using SPSS version 25 (SPSS Inc., Chicago, IL, USA). 
Ethical Considerations
RESULTS
Sociodemographic and Health Status Characteristics
We enrolled 372 patients and the rate of denial to participation was 1%. The overall mean age was 53 ± 12.4 years and most of the population was male (62%, n = 231). The majority of participants in the study were Saudis (98%, n = 363). Most of the patients were married (83%, n = 309), urban (68%, n = 254), primary school or lower (49% n = 182), unemployed (56%, n = 207), and had income ≤ 5000 Saudi riyal (56%, n = 210). Most of the study population had a family history of hypertension (80%, n = 299) and had ≥2 comorbidities (58% n = 215) Table 1 .
Response to Each Questionnaire Item
The overall mean adherence based on our adapted scale was 5.3 ± 2.3. Although only 23% (n = 87) of the participants were classified as having high adherence, 181 (49%) had low adherence and 104 (28%) had medium adherence. The responses for each item are summarized in Table 2 . Based on our dichotomization of adherence level, the rate of nonadherence was 49% (n = 181) while the rate of adherence was 51% (n = 191).
As shown in Figure 1 , when asked about adherence to the dose from yesterday, a low number of participants (12%, n = 47) responded with a negative answer; nevertheless, 60% (n = 225) of participants responded with a positive answer when asked to report missing medication in the past 2 weeks.
The percentage of participants who cut back or stopped their medications when feeling better was similar to the percentage of participants who stopped their medications when feeling worse (31% vs. 29%) Figure 2 . 
Crude Analysis of Effect of Predictors of Nonadherence
Crude analysis for predictors of nonadherence is shown in Table 3 . There were no significant differences between the adherent and nonadherent groups in the following variables: gender, age, nationality, level of education, marital status, residency, job status, monthly income, long time from diagnosis, and family history of hypertension. However, among participants with uncontrolled blood pressure, the percentage of nonadherent participants was significantly higher than the percentage of adherent participants (63% vs. 37%, p < 0.001). Among patients with single comorbidity, the percentage of adherent participants was significantly higher than the percentage of nonadherent participants. Among participants taking more than six medications, the percentage of nonadherent participants was significantly higher than the percentage of adherent participants (85% vs. 15%, p = 0.016).
Multiple Logistic Regression Analysis for Predictors of Adherence
A multiple logistic regression model was conducted, adjusting for the following covariates: gender, age, blood pressure status, presence of comorbidities, and the number of current medications Table 4 . The odds of being adherent were significantly higher among participants with controlled blood pressure than participants with uncontrolled blood pressure. Participants with controlled blood pressure had a twofold increase in the odds of having appropriate adherence level. When compared to probability of being nonadherent, the odds of being adherent were lower among participants with the following characteristics; male gender, aged <50 years, and having ≥2 comorbidities, but the differences were not significant. Participants who had two or more comorbidities had a 30% decrease in the odds of being adherent. Participants who were male had ~20% lower odds of being adherent. Participants who were aged <50 years had 28% lower odds of being adherent. Furthermore, the odds of being adherent were higher among participants having three or less medications than among nonadherent participants, but the difference was not significant. From the logistic regression model, for every increase in the number of current medications (≤3 categories), there was 1.3 greater odds of being adherent.
Crude and Multiple Logistic Regression Analysis of the Effect of Predictors on Blood Pressure Control
We further analyzed our data considering the status of blood pressure control as an outcome-dependent variable, and a summary of crude analysis for the predictors of blood pressure control are shown in Table 5 . Among participants residing in rural areas, the percentage of participants with controlled blood pressure was significantly higher than the percentage of participants with noncontrolled blood pressure (78% vs. 22%, p = 0.019). The proportion of participants with controlled blood pressure was significantly higher in those having the following characteristics: residing in urban area (65% vs. 35%); female gender (77% vs. 23%); earning high income > 5000 Saudi riyal (81% vs. 19%); and taking six or less medications, high level of adherence (70% vs. 30%).
A multiple logistic regression model was conducted, adjusting for the following covariates: gender, residency, monthly income, number of medications taken, and adherence Table 6 . The odds of having controlled blood pressure was significantly higher among adherent than nonadherent participants. Adherent participants had a twofold increase in the odds of having controlled blood pressure. Participants residing in a rural area were 1.8 times more likely to have controlled blood pressure than participants living in an urban area. From the logistic regression model, for every increase in the number of current medications, there was 1.6 greater odds of having controlled blood pressure. The odds of having controlled blood pressure were lower among participants with the following characteristics: male gender and low monthly income (≤5000 Saudi riyal), but they differences were not significant. Participants who were male had ~40% lower odds of having controlled blood pressure. Among participants who had a low monthly income, there was a 15% reduction in the odds of having controlled blood pressure.
DISCUSSION
Noncompliance to medications is considered a major risk factor for disease progression and treatment failure, which subsequently increase hospitalization and mortality [5] [6] [7] . The aim of this study was to assess the prevalence of nonadherence to hypertensive medications among adults attending PHCs in Al-Hasa Region, Saudi Arabia. One of the main findings in this study was that the prevalence of nonadherence was 49%, which is consistent with the prevalence rate reported nationally and internationally (54% and 54.2%, respectively) [17] [18] [19] .
In this study, the level of adherence to antihypertensive medications was positively associated with age, although this association was no longer found after adjusting for other confounding predictors. Similar crude analysis has been reported in other national studies [17, 20, 21] . For instance, Al-Sowielem and Elzubier [20] in a cross-sectional study conducted in four PHCs in Alkhobar area have reported a lower rate of adherence in those aged < 55 years than in older patients (26.2% vs. 48.5%). Similar findings have also been reported in international studies [17, [22] [23] [24] . The higher medication adherence among this age group can be explained by the presence of a caregiver who would help them in taking their medications, compared to the younger patients who usually have work-related commitments and other priorities.
Our study has also shown a positive association between the number of medications taken and the adherence score. Similar to the age predictor findings, this was not significant after adjustment. The association of polypharmacy with adherence outcome has been demonstrated [25] . An additional relevant finding was related to the positive association of number of comorbidities with lower adherence level compared to a patient with single comorbidity. In contrast to our findings, there was no significant association between number of medications taken and adherence level in other national studies [9, 21] . In a third international study conducted in northwest Ethiopia, Mekonnen et al. [26] showed that participants who had no comorbidity were four times more likely to adhere to antihypertensive medications than their counterparts.
Also, we clearly demonstrated a positive association between high adherence level and control of blood pressure, which conforms with the projected and reasonable clinical outcomes. The same has been reported in previous studies [9, 17, 18] . Adherence to antihypertensive medications is the cornerstone for achieving hypertension control. Such adherence has a marked effect on the progress and outcomes of hypertension care. Therefore, in order to change patients' behavior, it is crucial to recognize adherence pattern, and subsequently identify the reasons linked to that observed pattern [27, 28] .
Although some of the important variables such as age, nationality, and level of education were not statistically associated with nonadherence, our findings should not be generalized to all hypertension populations. This disassociation can be attributed to multiracial background, multiethnicity, and the different lifestyle of the Al-Hasa population [29] . It could be also attributed to differences in prescribing behavior among practitioners.
Our study has several potential implementations and recommendations. The low adherence rate should raise a concern about the immediate need for a variety of multilevel interventions related to decision-making policies, institutions protocols, and individual clinicians' practices. Those interventions can come in the form of offering training programs for the providers to simplify the dosing regimen, executing interventional educational programs for patients, encouraging the use of adherence toolboxes and electronic apps for self-recording, and offering reminder tags [6] .
Such interventions have the potential to increase patients' and providers' awareness of the magnitude of the adherence problem and its consequences. Also, planning multichannel awareness campaigns for the local community is a key to spread the knowledge about nonadherence consequences. Also, designing a continuous evaluation program to continually determine the cumulative level of medication compliance is paramount for providing an accurate picture and delivering better care. Furthermore, our findings suggested that specific subgroups of patients (patients with comorbidities, those with a high number of medications, those living in rural areas, low-income groups, and patients younger than 65 years) will probably need more and special attention. Some interventions although not supported by solid evidence have been suggested and might partially help to improve adherence to antihypertensive medications.
Our study had several limitations. The cross-sectional design is subject to unavoidable recall bias [30, 31] . However, we tried to minimize this type of bias using a validated scale such as AOTBA and MMAS-8. Many confounding factors (health system and provider related [32] ) that were not feasible to collect in our study could have affected the adherence level and outcome. Although we tried to reduce the proportion of error by using random sampling, our inclusion criteria may have introduced selection bias and affected our findings [33] . In addition, our exclusion criteria may impact the external validity and the generalizability of this study. Although we exceeded the calculated sample size for our study, our sample size was still low (n = 372) to generalize our findings to the Al-Hasa population.
CONCLUSION
The high level of medication nonadherence (~50%) associated with uncontrolled blood pressure in Al-Hasa Region found in this study should alert decision-makers, institutional administrators, and clinicians to take necessary actions to improve the current situation in healthcare practice. To our knowledge, this is the first study to investigate the prevalence of nonadherence to prescribed antihypertensive medications in Al-Hasa Region.
